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Real-time Rendering of Dynamic Scenes Using Sphere Set
Approximation and Spherical Signed Distance Function
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Abstract: We propose a real-time rendering method for dynamic scenes under all-frequency environmental
lighting. To render the object surfaces illuminated by environmental lighting, the product of the environmen-
tal lighting, the visibility function at each shading point on the object surfaces, and the BRDF is integrated.
Our method represents the environmental lighting and the BRDF's with spherical Gaussians and represents
the visibility functions with spherical signed distance functions (SSDFs). Although these representations
enable us to render scenes under all-frequency lighting in real-time, the previous method is limited to static
scenes since the computational costs of SSDFs are quite high. To address this problem, we propose an
efficient calculation method of SSDFs by approximating the object geometries with a set of spheres. This
makes it possible to render fully dynamic scenes where the viewpoints, lighting, and BRDFs can be changed
at run-time and objects can move, rotate and be deformed in real-time.
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Fig. 1 Spherical Signed Distance Function SSDF.

© 2012 Information Processing Society of Japan

1907



RS 2R

Thbb, RILERSNTWARWEE, FiaERsnT
WA ZNENELTBY, KMok s fEEoBR
EE 1) DA T—N—DEBY)THALH. EHEERD O B
NDLIHE, TR, HDVITROREIR BoTWnDH I L
HHEFE T & B, Wang b O T3 [2] TIE SSDF % Hiial 4
QLERCoRD T 72AS, ARRFZE TIEFEATRICE BRI RO 5 2
CIZXY, BT — S ICHIET A,

4.3 RERBAOREFHE

BRI, BRSO EICHWS LA L,
R TR DRI E IV S N B AT, TOFRE TN
Bib.

B R L L Tld, Tsai & O [7] 2 v,
BB~ v TG B ORI Y AR L D EPT 5.
ARIFFECl 10 B OEKE A AR E Vv CGERLL Tw 5.
B, BB~y TEIEN O O &\ ER & ST
57280, TOX)ITABVERIT Y ABET S M EET
HY), Wang HI3MUAEH 9 2 BKii A7 AR OH % 10
DFELTWS 2.

SR DA OFT R COBRBERIAIL, RAa L/ 2 -4
DEREH 7 ABBOBHIAREREIZL D 7405 ) 7 &
N7-EEORE~y TR E L TEHRENL, ik, L
F) Y TR E I BRIE IR & BRI T Y AR O D
BaaiT) 720 CThsb. HAtELRIZB T, #B%kdy
DERE A7 AR B e v TEE~ v 7H{FI20 L TEH
ARHE ATV, FREF2—T vy TDI Yy Ty FE
7 3y NI 4. KBFZETIE, n =1, 10, 100, 1,000,
10,000 ® 5 2% AWV TEARRAATITo 72,

4.4 BHEMUC &£ 25& % SSDF OEtE

RIFFETIX, ¥ — Y NOMERY & 7 5 AR LTIk %
HOELSTHEDT A2 LICL T, WkoBE LM, &
5121, WMIRAKRLZEET A L) By —>T, VT
V% A4 512 SSDF ZatH§ 5 HiE e it KT 5.

SSDF (d3 it 5 DR R 0 & EOREHEN TV 5 %
MEIZLDRBELA-D0THY, ZEWISHES 2 I2Z1L

(a) WTLLERIZ X 5 SSDF

SSDF

Vol.53 No.7 1905-1914 (July 2012)

(b) B — B NVEEZR D |8

THLZENHONT VA9 2], ARFZETIRTEMHEA T
SSDF %&f# L, %Y 7 Lo SSDF O3 #ik Iz & - T
KD b.

WL ng BMOEKTELTLd0L L, jHEHDEKS;
EHLERE ¢ BLUEE r; TERSINS, HE v IZBW
TIS; TR S5 SSDF 1, FKm 7~ ABE D
FLl ¢ ESERERANZ PV (R 2(a) DT RV t) &
DHETHTHL. FROTLER ¢; LFFEr; ZHVT, U
ToX (9) 12X ) SSDF ofii V(v,¢) FEHE SN2 (X 2
ZH).

R N
9

22T, A (9) DK 1HIFTHN v 2> 5ERO LR ¢; ~
DHNZ IV & ERE A 7 A O ¢ & D%,
5 2 HIITHM v 2> S EROHUGERE ¢; ~OFNZ by k
ORI EDLTHTH L, Pl ¢ BEREZET S
Y, 250, SSDF "EETH 2545 TH A (9) 13D
hA=N

R % T B ng HOERKIZOWTR (9) ZFHEL, i
IMEZE RO B Z LI X o TERWIC X 2 TES v @ SSDF %
FHHET 52 e TE S, Algorithm 1 I[ZAffFE T SSDF
DFFETINT) AL %RT. %8B, Wang 5 [2] 132 2T
RLUZEIME LTI RS, SWEOETHE» S, EHITIh
 EmE e dAEEmIC2A>TLA P L—2A%4T) 2
12X SSDF #H L TWw5,

Algorithm 1: SSDF(v,n,{)

Input:  v:THAL, nadBdR, KA © ABIEO TGN, o BREEE, rpERORE
Output: THHviZF1) % SSDF

ssdf « /2

for-each ¢;,7; € spheres  j « 1~ng

if ( ||c}- - 17|| < 17; ) continue
cec+nxry
if (n-((cj—v)/|lcj—v||) <0 ) continue
value  cos~ (¢~ v)/le; = [} -€) — sin”1 (/e ~ )
if (value < ssdf) ssdf < value
end for-each

return ssdf

V(x i) = 0DIYF

V(x, i) =1DIVY7

U= —BREVERERIML
IREA ) ABEHO D E
SSDF

FUDEAR Y MLIZHRSE

tef

VAL &

Z*HAYORE
YYEFYO/RE

2 EREME V72 SSDF O
Fig. 2 Calculation of SSDF using Sphere Set Approximation.
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Fig. 3 Comparison of images rendered with culling and without culling.
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Fig. 4 Rendering results of bunny model with moderate glossy BRDF, spatially-varying
BRDF (SVBRDF) and highly glossy BRDF.
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Fig. 5 Rendering results of deformable character.
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Fig. 6 Comparison of images rendered by using our method and ray tracing method.
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Fig. 7 Comparison of shadows with different numbers of spheres.
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